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[57] ABSTRACT 
During the serial shifting to an output buffer of the ra 
diation induced charge signal accumulated in a row 
(or column) of an array, the successive signals are 
processed to improve the contrast of the sensed im 
age. The portion of each signal of greater than a given 
amplitude is transmitted to a buffer stage and the re 
maining portion of each signal is removed. In one 
form of the invention, the signal-to-noise ratio is then 
enhanced at the expense of resolution by combining at 
the buffer the processed signal from a number of adja 
cent charge storage locations. 

2 Claims, 8 Drawing Figures 
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SIGNAL PROCESSING CIRCUITS FOR 
CI-IARGE-TRANSF ER, IMAGE-SENSING ARRAYS 

A problem which exists in viewing scenes in certain 
regions of the radiation spectrum, such as in the infra 
red, is that although the scene brightness is high the 
contrast is very low-of the order of 0.1-5 percent for 
a temperature difference AT of (J.l° Kelvin (K). What 
this means in terms of image sensing arrays is that the 
amount of signal of interest is only a very small part of 
the total radiation reaching the array. When two such 
charge signals are compared or reproduced, the con 
trast between them is quite small. 
The problem above becomes particularly trouble‘ 

some when the technique described in copending appli 
cation, titled “Charge Transfer Circuits”, Ser. No. 
309,755, filed Nov. 27, 1972, by the present inventor 
and assigned to the same assignee as the present appli 
cation, is employed for increasing the radiation in 
duced signal amplitude. This technique involves accu 
mulating at a summing stage the signal produced at say 
two or three or more adjacent light sensors in the array 
to thereby obtain a total signal amplitude equal to the 
sum of the signals present at these sensors, at the ex— 
pense of signal resolution. when the signals being 
sensed are relatively large-amplitude signals consisting 
mostly of background signals, the summing stages must 
have very large capacities and this is undesirable be~ 
cause they require too much space. It is also undesir 
able because the major part of each summed signal will 
still be background so that the contrast among the sig 
nals, while somewhat improved, will still be relatively 
poor. 
The problem above exists also in cases where the 

background signal portion of the signals is being 
summed is a residual signal purposely introduced to en 
hance transfer efficiency. As is now understood in this 
art. such purposely introduced signals, sometimes 
known as “fat zero 38 signals, may occupy 25 percent 
of the capacity of a potential well formed at the sub 
strate surface beneath a charge storage electrode of, 
for example, a charge coupled register. Making the as 
sumption, which is a valid one, that the summing stage 
should have about the same charge storage capacity as 
the charge storage stage, then even if the useful intelli 
gence is zero, the signal present at no more than four 
elements of an array could be summed. In practice, of 
course, the useful signal may. in the best case, be sub 
stantially larger than zero and may even be larger than 
the fat zero signal. This means that, in practice, the 
maximum number of signals which could be combined 
would be limited. 

In a system embodying the present invention, the 
charge signal is processed to improve the contrast of 
the sensed image by passing only that portion of each 
signal of greater than a given amplitude to a second 
stage and removing the remaining portion of each sig 
nal. In one form of the invention, the second stage also 
performs a summing function. that is, it adds the pro 
cessed signals derived from a number of successive 
array stages to enhance the signal-to-noise ratio. 
The invention is illustrated in the drawing of which: 
FIG. I is a block and schematic circuit diagram of a 

bucket-brigade embodiment of the invention; 
FIG. 2 is a drawing of waveforms to help explain the 

operation of the circuit of FIG. I; 
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2 
FIG. 3 is a block and schematic circuit diagram of an 

other embodiment of the invention ; 
FIG. 4 is a drawing of waveforms to help explain thr 

operation of the circuit of FIG. 3; 
FIG. 5 is a plan view of a charge coupled circuit em 

bodiment of the present invention; 
FIG. 6 is a block and schematic circuit diagram of an 

other bucket-brigade embodiment of the invention; 
FIG. 7 is a drawing of waveforms to help explain th 

operation of the circuit of FIG. 6; and 
FIG. 8 shows one layout for the circuit of FIG. 6. 
In the circuit of FIG. 1, block 10 represents one I'O\ 

of a charge-transfer image-sensing array. The row ma 
be a horizontal or a vertical row and may comprise an 
suitable form of charge transfer radiation sensing cir 
cuit. For example, the row may be a row of charge 
coupled visible light or infrared or other radiation sens 
ing array or it may be a row of a bucket brigade radia 
tion sensing array. 
Arrays such as discussed above are will known.‘ I: 

their operation, during an integration time, sometime 
also known as an image receiving time, the array has a: 
image projected thereon. The potentials applied to th 
elements of the array are such that the radiation in 
duced charges produced in the array are stored at th 
charge storage locations associated with the sensors 0 
the array. At the end of each integration time, whicl 
integration time may be 1/30th ofa second or more de 
pending upon the scene intensity, multiple phase shil 
signals are applied to the array for shifting the charge 
present in each row of the array to the output terminz 
12 of each row. 
As already mentioned in the introductory portion c 

this application, in certain regions of the radiatio 
spectrum the successive output signals will compris 
mostly background signal with a small portion of eac 
signal representing intelligence. The circuit shown i 
schematic form in FIG. 1 is for the purpose of impro\ 
ing the contrast of the sensed image. 
The circuit of FIG. 1 includes transisitors 14, 16, 12 

20 and 22 illustrated as insulated gate field effect trar 
sistors. The transistors l4, l6 and 22 are so calle 
bucket~brigade stages. Each has a capacitor connecte 
between its gate ‘and drain electrodes. 

In the discussion of the operation of the circuit ( 
FIG. 1 which follows, both FIGS. 1 and 2 should be re 
ferred to. The transistors may be assumed to the P typ 
MOS transistors so that their conduction paths ar 
placed in their low impedance condition in response t 
a relatively negative pulse applied at the gate electrodt 
In response to the first negative-going H2 clock puls 
30, the signal present at 12 becomes stored as a charg 
on capacitor 31. In response to the following negative 
going H I clock pulse 32, transistor 16 is rendered cor 
ductive. Concurrently the positive-going H2 clock puls 
30a turns off transistor 14 and makes node Pa moi 
positive. The signal present at node P" thereupon tran: 
fers to node P,,, that is, it becomes stored in capacitc 
33. This is the conventional bucket-brigade sign: 
transfer operation. 
Immediately following the negative-going portion 3 

of the H1 clock pulse, the relatively shorter duratio 
lower amplitude signal-separation S clock pulse 34 01 
curs. The amplitude of this clock pulse sets the gate p< 
tential of transistor 20 thereby determining the lowe 
potential to which the transistor source electrode ca 
fall before the conductance of the transistor is pinche 
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off by the drop in potential at P,, . Adjustment of the 
amplitude of the signal separation clock pulse therefore 
very accurately controls the “skimming” threshold. In 
other words, the amplitude of pulse 34 indicates the 
level of signal at node Pl, above which level signal will 
be transferred to node P,. 
Summarizing the operation up to this point, a charge 

signal produced at an image sensing location has been 
transferred to node Pb and that portion of the charge 
signal of greater than a given threshold level has been 
skimmed from the remainder of the signal and passed 
to node PC. This signal P, , in other words, is stored as 
a charge on capacitor 35. The stage 20, 35 can be con 
sidered a buffer stage. 
Immediately after the S clock signal, the background 

removal clock signal B (identi?ed by the numeral 39) 
occurs. This causes transistor 18 to conduct heavily 
and to transfer any charge remaining on capacitor 33 
to an output circuit such as a drain bus. Thus, the small 
portion of the charge signal of greater than a given level 
has been passed to node P, of the circuit and the re 
maining portion of the charge signal has been dis 
carded. ' 

The signal at P, subsequently may be transferred to 
an output circuit in response to the next H1 clock signal 
36. This clock signal causes transistor 22 to conduct 
and the charge present at node P, transfers to capacitor 
37. 

In this form of the circuit, the capacitor 33 has a ca 
pacitance substantially larger than the capacitance 35. 
This causes the potential drop across capacitor 33 to be 
considerably less than the rise in potential at capacitor 
35 when the charge signal is transferred to node PC . If 
node PC or any subsequent node has the same reduced 
capacitance connected to the gate electrode of a tran 
sistor, the operation of the transistor will be improved 
by this increased voltage swing. 
The circuit of FIG. 3 includes a background removal 

stage of the type shown in FIG. 1 and includes also cir 
cuits for performing additional functions. A row of a 
charge transfer image-sensing array is illustrated sche 
matically at 40 by the three elements 41, 42, 43 which 
together constitute the last stage of a row which is oper 
ated in three phase fashion. It can be considered for 
purposes of this explanation that the row is either of the 
bucket-brigade or of the charge-coupled type. The cou 
pling to the input node 12 can be via a diffusion 44. 
The background removal stage 46 operates in the 

same way as the FIG. 1 circuit. The signal summing 
stage 48 is for the purpose of summing the signals ob 
tained from each of three successive stages of the row 
of the imagesensing array, as will be discussed in more 
detail later. The charge ampli?er stage 50 is for the 
purpose of amplifying the summed signal. The back 
ground signal removal stage 52 operates in the same 
general way as stage 46 and its purpose is to skim off 
only a portion of the output signal of the ampli?er, that 
portion of the signal above a predetermined amplitude 
level, and to pass it to the following stage 54. Stage 54 
is for the purpose of removing serrations in the output 
signal due to the H1 and H2 clock pulses. 

In the discussion which follows of the operation of 
the circuit of FIG. 3, both FIGS. 3 and 4 should be re 
ferred to. The transistors may be assumed to be P type 
MOS transistors. 
After an output signal is shifted to node 12 in re 

sponse to the three phase signals (1),, (b2 and (b3, the 
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4 
clock pulse H2 goes negative causing the video signal at 
12 to be stored at node P“. the next time clock pulse H2 
goes negative, this signal is shifted from node Pu 
‘through the conduction channel of transistor 16 and is 
stored at node P,,. The gate electrode of transistor 22 
is maintained at a relatively negative potential by 
means 58 during the interval that summing is desired so 
that the conduction path of this transistor is in a con 
ducting condition. This potential is suf?ciently negative 
that node Pd also is negative to an extent such that no 
signal passes through the conduction path of the fol 
lowing transistor 60 when H2 is negative. Thus the 
“skimmed” signal transmitted from node P1, to PC in re 
sponse to an S pulse such as 61 of FIG. 4, passes to 
summing node Pd during each positive half cycle of the 
H2 clock signal but is retained on node Pd throughout 
all negative cycles of clock signal H2 until the pulse 67 
occurs. 

After pulse S terminates, the background separation 
pulse B occurs. In response to this pulse (65 in FIG. 4), 
the charge remaining at node Pb is removed via the con 
duction path of transistor 18 to a drain bus and the 
node P1, is reset to a reference level in the process. 

In the embodiment of the invention illustrated, the 
process described above is repeated three times, that is, 
for three successive clock pulses H2 or three successive 
signal separation pulses S. What this means, in effect, 
is that node Pd sums the skimmed signal removed from 
three successive register stages, that is, removed from 
nine register elements (only three such elements 41, 42 
and 43 making up the single stage being shown in FIG. 
3). It is to be understood, of course, that this is an ex 
ample only as the signal present at less than or more 
than three stages can be summed. 
At the termination of the summing interval, the sum 

ming pulse source 58 applies a positive pulse (such as 
67, FIG. 4) to the gate electrode of transistor 22 to 
cause the summed signal present at node P,, to become 
relatively positive and to concurrently turn-off transis 
tor 22. Node'Pd also can be considered the input termi 
nal of the charge ampli?er stage 50. In response to the 
pulse 67 and the concurrent H2 clock signal 69, this 
charge signal transfers to node 62 which is connected 
to the gate electrode of transistor 64. The amount of 
conduction which occurs through this transistor is now 
controlled by the level of the charge signal present at 
node 62 (the more charge signal the smaller the 
amount of conduction through 64). Note that one end ' 
of the conduction path of transistor 64 is maintained at 
a bias level by source 66 such that conduction can 
occur through this transistor, the signal at 62 being am 
pli?ed and inverted in the process. The same H2 clock 
pulse causiing the transfer of charge signal to node 62 
also turns on transistor 70 so that the ampli?ed charge 
signal at 68 becomes stored in capacitor 72, said signal 
appearing at node Pa". 
The following H1 clock signal which occurs turns on 

transistor 74, the purpose of which is to reset node 62 
to a reference voltage level namely the level, of the 
clock signal I-I,. The same clock signal H, is applied to 
the gate electrode of transistor 76 to transfer the signal 
at node P,,,, to node PM. Node PM, can be considered to 
be comparable to node P“ at the input end of the cir 
suit. The transistors 16a and 18a perform functions 
similar to those performed by transistors 16 and 18. All 
of these elements form a background signal removal 
stage and their purpose is to reduce the amplitude of 
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output signal of the amplifier to a manageable level by 
removing that portion of the signal of lower than a 
given amplitude and discarding it and using only the re 
maining portion, that is, the portion greater than the 
threshold level. 
The circuit 54 is in itself a known circuit and is the 

subject of copending application Ser. No. 186,078 now 
US. Pat. No. 3,746,883, for “Charge Transfer Cir 
cuits” filed OCT. 4, 1971 by Michael G. Kovac and as 
signed to the same assignee as the present application. 
In brief, the two transistors 80 and 82 are connected to 
operate as source followers connected in a differential 
ampli?er configuration. The transistor 84 is connected 
to operate as a common load resistor. Assuming P type 
transistors, operating voltage —V,, is at a relatively low 
value, chosen on the basis of the signal input values (Pp, 
and Pal) anticipated This voltage which is applied to 
the source electrodes of transistors 80 and 82 deter 
mines the point at which the negative going portion of 
a signal present at a point such as P01 will cause a source 
follower such as 80 to start to conduct. The bias voltage 
source 85 may be at some relatively substantially more 
negative voltage than —V,,, such as —30 volts or so in 
some practical circuits, to maintain the drain elec 
trodes of the transistors more negative than the source 
electrodes. 
When signal is transferred to the output node PP, in 

response to the negative clock 11,, transistor 80 is 
turned on by the relatively negative voltage at P0, and 
video output signal appears at the “video out“ terminal 
86. Transistor 82 is off at this time. When this signal is 
transferred to node Pa in response to the following 
negative clock H2 source follower 82is turned on and 
produces an output at the same level at output 
terminal 86. Transistor 80 is off at this time. Thus, for 
one complete period of the 11 clock pulses, the video 
output signal appears at a constant level at output 
terminal 06. No serrations due to these clock pulses 
are present because the circuit effectively continues 
to “look at” the same signal, first while it is one node 
P8, and then while it is at the second node F92. 
The circuit of FIG. 5 is a charge-coupled circuit 

which performs both the skimming and summing func 
tions. Three charge-coupled columns of a radiation 
sensing array are illustrated at 100, 101 and 102 re 
spectively. Each such column, sometimes known as a 
“channel”, comprises a semiconductor substrate 104 
such as one formed of N type silicon, so called channel 
stops 106 which are diffusions in the substrate of the 
same conductivity as the substrate and more highly 
doped than the substrate,and conductors, four of which 
are shown at 109, 110, 111 and 112, insulated form but 
electrically coupled to the substrate. The channel stop 
diffusions are for the purpose of isolating each column 
or channel from the next adjacent channels. The con 
ductors 109-112 are driven by a multiple phase voltage 
source such as a three-phase source in the manner 
shown schematically, and their purpose is to provide 
surface potentials at the semiconductor substrate sur 
face for the storage and propagation of the surface 
charge signal. The radiation sensors of the array may be 
diffusions at each element location or, in some charge 
coupled sensors, the reverse-biased surface of the sili 
con serves as a photosensitive array. Radiation sensing 
arrays of this kind are now quite well known and need 
not be discussed in detail here. 
The conductors, the first four of which are legended 

114-117, respectively, are the conductors of an output 
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6 
register. Like the conductors 109-112, the register 
conductors are insulated from and electrically coupled 
to the substrate. Their purpose is to receive the charge 
signal shifteddown the respective columns and to sum 
a plurality of such signals in a manner shortly to be dis 
cussed. 
The conductor 1 18 comprises a gate electrode and its 

purpose is to control the flow of charge to the drain bus 
120. The latter is a diffusion in the substrate and is 
maintained at a negative potential VD (when the sub 
strate 104 is of N type). The gate electrode 118 is cou 
pled to the substrate only in the regions within the 
dashed lines. That is, when the gate electrode is acti 
vated, charge present in electrodes 114, 114a, 1141; 
and 114C will be conducted through the conduction 
paths formed beneath the regions of the gate electrode 
within the dashed lines to the drain diffusion. Through 
out the remainder of the extent of electrode 118, it is 
spaced relatively far from the substrate and no conduc 
tion channel forms, for example, between electrodes 
such as 115, 116, and 117 and the drain diffusion. 

In discussing the operation. of the radiation sensing 
array, it will be assumed as already mentioned, that the 
substrate is formed of N type silicon so that the minor 
ity charge carries are holes. This means that negative 
potentials (bl-(1)3 are necessary to form the required po~ 
tential wells for the accumulation of such holes. Also, 
the remaining potentials are made relatively negative, 
when it is desired to accumulate charge or to receive 
charge. 
The operation of the system of FIG. 5 will be dis 

cussed in terms of one column of the array and one 
stage of the output register. The remaining columns 
and stages operate in similar fashion. 7 
During one set of three phase clock signals, the con— 

trol voltage C1 is made relatively negative to accumu 
late the charge signal shifted from the last stage of the 
register. The plate 115 can be considered to be a trans 
fer gate. It may be at a potential C2 close to ground po 
tential during the accumulation of charge beneath plate 
114. Then, still during the time C1 is negative, C2 is 
made more negative to cause the potential hill beneath 
plate 115 to lower. The value of potential C2 must be 
precisely controlled to control the height of this poten 
tial hill, that is, to control the threshold level above 
which charge stored beneath plate 114 transfers. Dur 
ing this time, plate 116 is maintained sufficiently nega 
tive by control voltage C3 to form a relatively deep po 
tential well beneath this electrode, preferably deeper 
than that beneath plate 114. Thus, in response to the 
actions just described, the portion of the charge signal 
of greater than a given amplitude stored beneath plate 
114 transfers over the lowered potential hill beneath 
transfer gate 115 to the potential well beneath elec 
trode 116. This is the skimmed portion of the charge 
signal. . 

After the skimming operation discussed above, the 
voltage 80 is made negative to form conduction chan 
nels between electrodes such at 114 and the drain dif 
fusion 120. This causes the charge stored beneath elec 
trode 114 to transfer via the conduction channel be 
neath the portion 121 of the gate electrode 118 to the 
drain diffusion. The drain diffusion is maintained at a 
value sufficiently negative to “sink’” the positive minor 
ity carriers (holes). if desired, during this operation the 
control signal C2 may be made less negative to increase 
the height of the potential hill between electrodes 114 
and 116 to prevent the transfer of any charge from be 
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neath electrode 114 to beneath electrode 116. In addi 
tion, if desired the potential at C, can be made less neg 
ative during the transfer of the charge signal beneath 
plate 114 to the drain diffusion to accelerate the charge 
transfer. 
The ?nal gate 117 is maintained at potential V’, 

which may be close to ground or perhaps even slightly 
negative so that a potential barrier is formed between 
the electrode 116 and the following electrode 114a. 
The purpose of this barrier is to prevent the escape of 
charge stored beneath plate 116 to the input plate to 
the following register stage and vice-versa. 

the process described above may be repeated several 
times to effect the summing of the signal from several 
stages of the rediation sensing array at plate 116. In 
other words, the circuit may be operated in such a way 
that the skimmed signal from each of say two or three 
or four seccessive stages of a channel or column accu 
mulates beneath a plate such as 116. After such accu 
mulation, the signals may be shifted out of the output 
register by the application of multiple phase shift volt 
ages at the C,, C2, C3 and VB terminals, respectively. In 
the arrangement illustrated, these four voltages may be 
four phase signals. As an alternative, with proper bias 
voltages applied to alternate electrodes, two-phase sig 
nals may be applied to terminals C,+C2 and C3+V,, for 
shifting out the contents of the output register. 
The embodiment of the invention as shown in FIG. 

6 is a bucket-brigade circuit which employs N type 
transistors. Here the input signal at terminal 140 is 
shifted to node P0 in response to the positive going por 
tion of clock pulse H2. The next clock pulse H, shifts 
this signal through transistor 142 to node P,; the signal 
separation pulse SS is now generated and it causes that 
portion of the charge signal at node P, which exceeds 
a given threshold level to pass through the conduction 
path of transistor 144 to node P2,. The remaining por 
tion of the signal at node P, is then transferred through 
the conduction path of transistor 146 to node P2,, in re 
sponse to the background separation pulse BS. Up to 
this point, the operation discussed is somewhat similar 
to that already described in connection with other em 
bodiments of the invention. However, in the embodi 
ment of FIG. 6 rather than removing the background 
signal passing through transistor 146 and eliminating it 
entirely, it is instead shifted through the conduction 
path of transistor 148 to node P3,, and then through the 
conduction path of transistor 150 to node P4, and then 
through the conduction path of transistor 152 to node 
P5. Thus, the background signal from each input charge 
signal passes through two transistors 148 and 150 and 
then through transistors I52 and 153 to the output ter 
minal. However, the portion of the input signal which 
is skimmed may be permitted to accumulate in the 
manner shown in FIG. 7. 
Accumulation takes place at node P3,, of what can be 

considered a buffer stage. During the summing interval, 
the signal summing pulser 160 applies a positive volt 
age to the gate electrode of transistor 162. As already 
mentioned, this transistor (and the others) are N type 
transistors so that the relatively positive signal main 
tains the conduction path of transistor 162 at a rela 
tively low value of impedance. Accordingly, each time 
the signal separation pulse SS is applied to the gate 
electrode of transistor 144, the skimmed signal which 
transfers to node P2,, passes through the conduction 
path of transistor 162 and becomes stored in capacitor 

25 

40 

45 

55 

60 

65 

8 
164, that is, it becomes stored as a relatively negative 
signal at node P3,. The signal h2 which occurs during 
the signal summing interval has no effect on the signal 
present at node P3,. The reason is that the voltage at P3,, 
is not sufficiently negative for transistor 166 to conduct 
while the positive portion of the summing signal is pres 
ent, even though the gate of transistor 166 is pulses 
each time the clock pulse H2 occurs. pulsed 
At the end of the summing interval, the summing 

pulser output signal SU goes negative. In the present 
example, this negative part of the signal is shown at 170 
in FIG. 7 and it occurs after two periods of the H2 clock 
pulse. During these two periods, two skimmed signals 
SI and S2 accumulate at node P1“. When SU goes rela 
tively negative, the summed skimmed signal at node Pa, 
goes negative to the same extent. At the same time, the 
positive H2 clock pulse 172 is applied to the gate elec 
trode of transistor 166. This causes the transfer of the 
summed skimmed signal through the conduction path 
,of transistor 166 to node I’, of the buffer stage. At the 
same instant of time, the positive H2 clock pulse 172 is 
applied to the gate electrode of transistor 150, causing 
the background level signal to shift to node P4. These 
two signals add at this node and one clock priod later 
appear at output terminal 174 as illustrated at g in FIG. 
7. Note that this signal 176 consists of the sum of two 
skimmed signals S, and S2 combined with one back 
ground signal level. Note also that to conserve space, 
the time scale in FIGS. 7f 1 and 73 is shifted to the left 
relative to FIGS. 7a-7e. 
An advantage of the circuit of FIG. 6 is that there is 

always background present at some ?xed and predeter 
mined level. The constant background signal serves to 
maintain the transfer efficiency at its highest value in 
dependently of how many adjacent elements have their 
signals summed. Also, a more accurate black level can 
be established in the display when the background sig 
nal level remains constant. 

Fig. 8 merely represents one way in which the 
charge-coupled circuit of FIG. 6 may be laid out on a 
substrate 180. The dashed areas are diffusions in the 
substrate and they have been legended by the same 
characters as employed in FIG. 6. A plate such as 182 
serves as the gate electrode 182 of transistor 142 of 
FIG. 6. The capacitance 184 of FIG. 6 is the capaci 
tance between the plate 182 and the diffusion P,, which 
diffusion operates as the drain electrode of transistor ' 
142 and the source electrode of the following transistor 
146. The correspondence between the remaining struc 
ture of FIG. 8 and FIG. 6 is self-evident and need not 
be discussed in detail. 
What is claimed is: 
1. In combination: 
a charge storage register having a plurality of stages; 
another charge storage stage; 
a following stage; 
a charge accumulation stage; 
means for transferring charge signal from stage-to 

stage of said register, and for concurrently transfer 
ring, at the same rate, the charge signal stored in 
said another charge storage stage to said following 
stage; 

~ means for transferring only that portion of each 
charge signal of greater than a given amplitude 
reaching the last stage of said register to said 
charge accumulation stage and the remaining por 
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tion of ech charge signal to said another charge 
storage stage; and 

means for transferring the charge signal accumulated 
in said accumulation stage to said another stage. 
after each N transfers of charge signal to said accu 
mulation stage, whre N is an interger greater than 

10 
1. 

2. In the combination as set forth in claim 1, said 
charge‘ storage register comprising one of t 

5 brigade type. 
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